ABSTRACT. The European Union Marine Strategy Framework Directive requires the Good Environmental Status of marine environments in Europe's regional seas; yet, maritime activities, including sources of marine degradation, are diversifying and intensifying in an increasingly globalized world. Marine spatial planning is emerging as a tool for rationalizing competing uses of the marine environment while guarding its quality. A directive guiding the development of such plans by European Union member states is currently being formulated. There is an undeniable need for marine spatial planning. However, we argue that considerable care must be taken with marine spatial planning, as the spatial and temporal scales of maritime activities and of Good Environmental Status may be mismatched. We identify four principles for careful and explicit consideration to align the requirements of the two directives and enable marine spatial planning to support the achievement of Good Environmental Status in Europe's regional seas.
THE POLICY CONTEXT
Global and regional assessments confirm that the capacity of our ocean ecosystems to continue to deliver ecosystem services that underpin human well-being is declining because of human activities (e.g., Millennium Ecosystem Assessment 2005, Dayton et al. 2005 , United Nations Environment Programme 2006, Worm 2006 , Worm et al. 2009 ). In response, the European Union (EU) is implementing the Marine Strategy Framework Directive (European Union 2008). The MSFD requires member states to apply an ecosystem approach to the management of human activities with the aim of achieving Good Environmental Status (GES) of Europe's regional seas by 2020. European marine policy is based on the Integrated Maritime Policy (European Union 2007) and aims to deliver both sustainable development and environmental protection. The IMP specifically identifies maritime spatial planning (MSP) as a tool to further its objectives by providing for arbitration among competing human activities and management of their effects on the marine environment (European Union 2008). The MSFD is the environmental pillar of the IMP and other components must work within the confines of the ecosystem approach it prescribes.
The terms maritime spatial planning and marine spatial planning, both abbreviated to MSP, may be found in the literature. The IMP and some MSP projects use the former term to emphasize a holistic cross-sectoral approach. Other authors use the latter (e. g., BaltSeaPlan, Douvere 2008, Ehler and , Department of the Environment, Fisheries and Rural Affairs 2012 , Jay et al. 2012 , as we do to emphasize that planning is ultimately bound by the environmental limits of the marine system. Whether maritime or marine, MSP is defined as: "a process of public authorities of analyzing and allocating the spatial and temporal distribution of human activities in marine areas to achieve ecological, economic and social objectives" Douvere 2009:18, European Commission 2010: 3). The current proposal for a directive on MSP explicitly includes environmental objectives and supports achievement of the objectives of the MSFD (European Commission 2013, Article 5 [d] ). However, specifics are lacking and, given the current economic situation, there are concerns that the environment will be overlooked as Europe strives for economic recovery. Marine spatial planning comprises data collection, stakeholder consultation, participatory plan development, and subsequent stages of implementation, enforcement, evaluation, and revision (European Commission 2008, Ehler and ). Effective MSP responds to the need to resolve conflicts among maritime uses, and between uses and the marine environment, and provides the opportunity to address the cumulative effects of use (Douvere and Ehler 2009, European Commission 2013) .
The urgency for a planning regime to coordinate maritime activities is apparent (European Commission 2008) . A number of EU member states have already developed plans (e.g., Boyes et al. 2007 , Calado et al. 2010 , Kannen 2012 , Suárez de Vivero and Mateos 2012 , Kelly et al. 2014 . Baltic Sea states are active in developing plans at the (sub)regional sea level (Vision and Strategies Around the Baltic Committee for Spatial Development 2010). The EU is drafting a directive on MSP specifically to give cross-border cooperation a firm legal footing (European Commission 2013) . Although the responsibility for MSP lies at the national level and addresses maritime activities in a nation's Exclusive Economic Zone (EEZ), a transnational, subregional, and even a regional sea perspective is called for when maritime activities and/or their effects cross national borders (Gee et al. 2011 ). This creates considerable challenges for the planning process and stakeholder consultation (e.g., Argardy et al. 2011, Maritime Spatial Planning in the North Sea 2012 , Halpern et al. 2012 , Jentoft and Knol 2014 . However, it also provides challenges for assessing effects on the marine environment given the requirement under the MSFD to achieve GES at subregional and http://www.ecologyandsociety.org/vol20/iss1/art64/ regional sea scales (Articles 3[2] and 3 [9] ). We address effects on the marine environment by examining the spatial and temporal dimensions of both GES and MSP.
We examine the role of MSP in an ecosystem approach and MSP's potential contributions to achieving GES. We aim to assess whether mismatches of spatial and temporal scales between MSP and marine ecosystems might constrain this role and these contributions. The methodology is based on the Driver Pressure State Welfare Response (DPSWR) framework (Cooper 2013) . Findings are illustrated by two case studies representing aspects of traditional and emerging sea use. We use DPSWR to provide a context for MSP in an ecosystem approach to achieve GES. We then compare the spatial and temporal scales of MSP and GES. We identify a number of principles that require explicit consideration by MSP. These principles address the specific focus of our work; namely, the spatial and temporal aspects of MSP and GES. They are intended to augment other studies of good practice (e.g., Zaucha and Matczak 2012, UNESCO 2013) . We then present two case studies: (1) conservation of the reefforming, cold-water coral Lophelia pertusa, and (2) large-scale development of offshore wind farms (OWF). These case studies illustrate the range of possibilities for MSP to support the achievement of GES. Our findings are summarized in the last section where we identify ways to move forward with MSP as a tool forming part of an ecosystem approach.
MARINE SPATIAL PLANNING AND GOOD ENVIRONMENTAL STATUS
The MSFD provides a mechanism for EU member states to identify criteria and targets for GES. Those activities or uses of the marine environment that compromise environmental status must be considered explicitly when identifying management measures to achieve GES. However, the MSFD does not provide the operational framework to manage those activities (Frazão Santos et al. 2012) . The implementation of MSP by individual nations provides an opportunity to develop maritime sectors sustainably and at the same time achieve GES (Suárez de Vivero and Rodríguez Mateos 2012) . Humans are integral to ecosystem processes, combining to form a social-ecological system (e.g., Armsworth et al. 2007 , Curtin and Prellezo 2010 , Pollnac et al. 2010 , and so a plan that explicitly addresses GES while rationalizing use of marine space could be an influential tool within an ecosystem approach to managing maritime activities.
The Driver Pressure State Welfare Response (DPSWR) framework is a conceptual starting point for analyzing socialecological systems (Farmer et al. 2012 , Cooper 2013 , Mee et al. 2015 . Figure 1 locates MSP, and its interaction with GES, within this framework. This figure distinguishes a spatially-bounded, planned area within the larger marine environment. In the planned area, MSP determines the mix of drivers and their expected pressures. Good Environmental Status descriptors are used to elaborate expected state changes. Eleven quality descriptors of GES are identified by the MSFD. They may be classified as pressure or state descriptors (Cochrane et al. 2010 ; see Table 1 ). Pressure descriptors identify acceptable levels of pressures and so are implicitly linked to sustainable use; state descriptors specify the desired state of the ecosystem. Both types of descriptors determine whether GES is achieved. A response is triggered should GES not be achieved. A response could be either plan revision following an environmental impact assessment, or plan adaptation if the plan is already in place. Figure 1 suggests that a response is triggered irrespective of the welfare implications of not achieving GES. Clearly effects on societal welfare will determine the urgency for a response, as illustrated by the emergency closure of the Darwin Mounds following public outcry about trawling damage (European Council 2003) . As the marine environment is not a closed system, pressures may derive from drivers outside a planned area and activities within a planned area may cause pressures beyond the planned area. In the former instance, external sources of pressures will need to be considered in making plans. For example, nutrient loads from land-based sources might place limits on aquaculture development because the combined loads cause eutrophication (descriptor 5, or D5, in Table 1 ). In the latter instance, plans will need to take "downstream" effects into account, but will a response be triggered should GES be compromised elsewhere? This line is dashed in Fig. 1 In rationalizing maritime activities for a given area and determining the pressures being placed on the marine environment, MSP has the potential to become an important tool within an ecosystem approach to achieve GES. However, its focus so far has been primarily with the area being planned. There is growing recognition that MSP's environmental objective will only be met when MSP also addresses environmental effects beyond the planned area (e.g., BaltSeaPlan, see Kappeler et al. 2012) . Consequently, we derive the first of four environmental principles for MSP:
A given plan will need review and modification if achieving or maintaining GES in the planned area is threatened. To support effective implementation, robust governance and institutional arrangements, supported by an EU directive, are needed. Cochrane et al. 2010 This principle addresses the governance context of MSP and GES. The remaining principles specifically address spatial and temporal scales.
MARINE SPATIAL PLANNING AND SPATIAL AND TEMPORAL SCALES
Marine spatial planning has been initiated in a number of countries (UNESCO 2013), frequently drawing on land-use planning (Boyes et al. 2007 , Calado et al. 2010 ). However, this overlooks fundamental differences between terrestrial and marine environments in terms of their spatial and temporal scales. The sea has a clear, three-dimensional spatial scale that is difficult to represent on two-dimensional maps. Use of the sea occurs: (1) on the water surface, e.g., shipping; (2) in the water column, e.g., aquaculture; (3) on the sea-floor, e.g., benthic trawling; (4) in the seafloor, e.g., cables; and (5) all at once, e.g., oil and gas extraction, and deep-sea mining. Relative to the marine environment, the terrestrial environment is more temporally static. The physical forces associated with water in constant motion are much greater than those of air and can cause rapid, periodic, and episodic changes in physical conditions. Further, many maritime activities are mobile, e.g., fishing and shipping. The pressures they place on the environment may not be constant over time and/or may not emanate from distinct spatial locations.
This section draws on the Driver Pressure State Welfare Response (DPSWR) framework and uses its terminology to address the spatial and temporal scales associated with GES descriptors and to identify their possible implications for MSP. We begin with spatial scales. A maritime activity, or driver, may place pressure on environments beyond its allotted area of operation and even beyond the planned area. Conflicts among users can arise when a state change caused by one maritime activity compromises another. An example is sand extraction that leads to sedimentation in nearby fish-spawning grounds. Rationalizing such conflicts is part of the purpose of MSP. Marine spatial shipping and offshore wind farms, but potentially a large variety of sources †Fully or partially place-specific. ‡For example, Marine Protected Areas, fish-spawning areas, and nursery areas that receive periodic protection, Natura 2000 sites, etc.
planning is a national responsibility although the principle of subsidiarity may devolve responsibility to lower spatial scales. Areas with multiple use of, and multiple pressures on, the marine environment may require detailed spatial plans with a fine resolution in comparison with plans at an EEZ or subregional sea level. Clearly, plans within a nation's EEZ need to be spatially coherent, but they will also need to be coherent with neighboring EEZs up to the level of the marine subregion or region. This leads to our second principle, which reinforces lessons learned from transnational projects such as BaltSeaPlan:
As GES is to be achieved at subregional or regional sea levels (Marine Strategy Framework Directive, Article 3[5], Article 4; European Union 2008), MSP needs to be coherent at multiple spatial scales.
Of the eleven GES descriptors, three are place-specific; they have a spatial character that can directly be affected by MSP. Hydrographical conditions, D7, and energy and underwater noise, D11, encompass anthropogenic sources of pressure that can be regulated by spatial planning; seafloor integrity, D6, will reflect the cumulative effects on the planned benthic environment of all pressures. Two additional descriptors are partially placespecific because of their dependence on benthic habitats: biodiversity, D1, with regards to benthic species and habitats, and commercial fish and shellfish, D3, with regards to spawning and nursery grounds. Table 2 considers GES descriptors and identifies drivers that influence them. Note that interactions among descriptors occur but are not addressed. The list of drivers is indicative rather than exhaustive. Our purpose is to distinguish between drivers potentially subject to spatial planning and the descriptors they are likely to influence, and drivers beyond the remit of MSP but with pressures that might need explicit consideration when developing plans.
Almost all descriptors, and particularly the three place-specific descriptors, are influenced by drivers whose activities could be regulated by MSP. Five descriptors, that is, (1) eutrophication, D5, (2) contaminants, D8, (3) contaminants in seafood, D9, (4) marine litter, D10, and (5) energy and underwater noise, D11, could be adversely affected by drivers not subject to MSP. Effective MSP would need to avoid aggravating problems. Marine litter, D10, lacks MSP-relevant attributes, although clearly litter production by planned activities requires regulation. However, we conclude from Table 2 that MSP, in its regulation of the drivers and pressures, could make a significant contribution to achieving GES.
From the perspective of temporal scales, MSP yields plans with a time horizon and periodic review. A horizon of 20 yrs or longer, with review every five to seven yrs, is common (Gilliland and Laffoley 2008) . Periodic review suggests adaptive management, which is a structured, iterative process of robust decision making in the face of uncertainty (e.g., Holling 1978). It is then theoretically possible to adapt a plan should unforeseen environmental effects emerge or should environmental effects be less severe than envisaged. However, plan adaptation, and specifically curtailing or stopping activities that cause unexpectedly adverse environmental effects, may not be possible.
Aside from economic considerations, stakeholder resistance, and licensing agreements, legacy effects, and the effects of committed behaviors (see O'Higgins et al. 2014 ) may mean that plans are not adaptable.
To illustrate further, Table 3 details drivers identified in Table 2 and assesses whether their activities might be modified or stopped should they compromise GES. Modification encompasses the reduction, relocation, and timing of activities. For example, gravel extraction or offshore wind farm (OWF) construction could be proscribed when fish are spawning (International Council for the Exploration of the Sea 2012). Cessation might be called for should the environmental effects prove unacceptably severe. For example, benthic trawling might compromise seafloor integrity, D6, or the hard substrate provided by wind turbines might facilitate species invasions, D2. Table 3 shows that a number of drivers, while regulated by MSP, may not be responsive to plan review.
The drivers indicated in Table 3 are also listed in Table 2 as those affecting the three place-specific descriptors. This leads to a third principle: The higher mobility of maritime activities could mean that cumulative effects are more likely in the marine, than in the terrestrial, environments. Cumulative effects may compromise achievement of GES (see Busch et al. 2013) . Trends in state descriptors, D1, D4, and D6 (Cochrane et al. 2010 and Table 1) representing aggregate properties of ecosystems will reflect cumulative effects, but not necessarily in a way that disentangles and apportions their causes. Further, a key question for MSP is to what extent a negative effect can be offset by a positive one; e. g., the negative effects of OWF on seabed integrity, D6, versus the positive effect of their hard substrates on biodiversity, D1. In assessing and/or reconciling cumulative effects, MSP has the potential for contributing more to an ecosystem approach than just supporting achievement of GES. This leads to our fourth principle:
Marine spatial planning's environmental objective means that it needs to address cumulative effects and make trade-offs between pressures and environmental effects. Frameworks to assess effects, together with a stakeholder process, are needed for effective resolution of conflicts between maritime uses and the marine environment.
Whereas MSP offers much as a tool within an ecosystem approach, there is considerable potential for spatial and temporal mismatching between MSP and GES, with benthic environments most at risk. Various tools and processes exist to ensure that the temporal and spatial scales of drivers, pressures, and states are addressed by individual plans and that any mismatches are resolved. Strategic Environmental Assessment following the SEA Directive (Directive 2001/42/EC; European Union 2001) might provide a sound vehicle for assessing the interaction between MSP and MSFD and ensuring that the temporal and spatial scales of drivers, pressures, and states are addressed by individual plans. This directive might also provide the means for assessing spatial coherence among plans so that subregional and regional sea perspectives are accommodated. A subsequent challenge is then to explore how a given plan and its environmental assessment can be translated into management measures that are adaptable over time and capable of responding to undesirable environmental change.
TWO CASES ELABORATING INTERACTIONS BETWEEN MSP AND GES
We offer two cases to illustrate the potential and the risks associated with MSP. The first relates to a traditional sea use, fisheries, and deals with known conflicts between conservation and fishing interests in the northeast Atlantic. This case illustrates the potential of MSP to resolve conflicts because MSP does not need to address the above principles in any significant way. The second relates to an emerging sea use and uncertain environmental effects with the development of OWF in the North Sea. Here, MSP must deal with all four principles if it is to support achievement of GES. Interactions, both positive and negative, between spatial planning aspects of the cases and the MSFD descriptors are scored in Table 4 , assessing whether or not MSP could support the achievement of GES. Scores are discussed further below. Table 5 shows the relevance of each principle for each case study.
Conservation of Lophelia reefs
Lophelia pertusa is a reef-building deepwater coral, is particularly slow-growing, and typically inhabits depths of 200-1000 m throughout the north Atlantic. Fisheries is a key driver affecting this marine environment. Although the destructive effect of fishing on these biogenic reefs is well established (Hall-Spencer et al. 2002 , Davies et al. 2007 , there is also a cost to the fishing industry (welfare) through damage to or loss of nets. This case study examines the sustainability of deepwater fisheries and coldwater biogenic reefs, and the effectiveness of establishing Marine Protected Areas (MPAs), to conserve Lophelia pertusa (HallSpencer et al. 2009 ). The designation of such areas clearly has an MSP element.
Several GES descriptors interact with the MPA planning aspect of this study. For D1, biological diversity, planning for a "notake" MPA could prevent further destruction of reefs by trawlers and preserve habitat/nursery areas for associated species (Roberts and Polunin 1993) . D3, requiring healthy stocks of commercially Since GES is to be achieved at subregional or regional sea levels (MSFD Article 3(5), Article 4), MSP needs to be coherent at multiple spatial scales.
Coherence of plans across known occurrences of deep water corals could become an issue.
The potential for adverse environmental impact at large spatial makes this principle very relevant.
Maritime activities that are less amenable to review and with the potential to adversely affect place-specific descriptors require explicit and careful examination during the preparation of an Environmental Impact Assessment.
Both an MPA and fishing activities are amenable to review.
The longevity of offshore wind farms and the issue of decommissioning reduce the capacity to revise plans making this principle very relevant.
MSP's environmental objective means that it needs to address cumulative effects and to make tradeoffs between pressures and environmental effects; frameworks to assess effects, together with a stakeholder process, are needed for effective resolution of conflicts between maritime uses and the marine environment.
The combined effects of ocean acidification and fisheries pressure need to be addressed. There are only two stakeholders involved and a plan is potentially capable of creating a win-win situation.
Diversity of possible cumulative effects as well as effects that positively as well as negatively affect the environment. Framework for assessing these affects and a stakeholder process are urgently needed.
exploited species, could also be positively affected through MSP. The spatial exclusion of fishing effort from reefs should lead to increased spawning stock biomass within the MPA (Sale et al. 2005) . Fish move on and off the reef, and so into and out of the MPA. Restored stocks in the MPA can directly benefit fisheries so that the effect of the MPA extends beyond its immediate boundaries. D4, requiring healthy food webs, could also be positively affected. A cessation of trawling activities should also lead to the recovery of benthic communities within the MPA (Hiddink et al. 2006) , thus contributing to D6, seafloor integrity. An additional benefit of a "no-take" MPA is reduced potential for nets to be snagged on or wrapped around coral reefs, thereby contributing to a decrease in marine litter, D10, as well as reducing costs to the fishing industry.
This case study demonstrates the potential of MSP to benefit both maritime activities and the marine environment. This positive outcome is affected by three factors that create a win-win situation. Firstly, Lophelia pertusa is a stationary species supporting reef communities found at discrete locations, although the species being fished are mobile. The benefits of MPA protection given to discrete sites extend beyond the sites. Secondly, fishermen wish to avoid reefs to protect their gear and so may tolerate exclusion zones. Thirdly, the environmental effects of both maritime activities are on-site and spatially contained, and so can be planned. This stands in sharp contrast to the second case study.
Offshore wind farms
The need for energy security (Bielecki 2002 ) and a low-carbon economy (Hoffert et al. 2002) has led to rising support for renewable energy. Wind energy is one of the most advanced renewable energy technologies. Offshore wind farms are likely to be a growth area in Europe, with widespread availability of suitable locations, abundance of wind resources throughout much of Europe's marine domain, and the perception that offshore renewable energy generation reduces issues around onshore sites (Haggett 2008 , Ladenburg 2008 . Offshore wind-farm development is becoming a major maritime activity requiring space, as indicated by plans to develop wind farms by most North Sea riparian states (Kannen 2012) . Offshore wind farm development is expected to be a key pressure on the marine environment in the future. The MSP element of this case study relates to the location of large-scale OWFs in the North Sea, including state changes and cumulative effects, user conflicts, and governance.
The location of OWFs has a clear spatial element, being constrained by factors such as wind resource, sediment type, distance from land, and bathymetry. Given other users of marine space such as fisheries and shipping, the location of OWFs becomes an issue for MSP. Developers require guaranteed use of areas for a number of yrs, and even decades, to ensure financial return on investment. Planning for OWFs is likely to affect several GES descriptors (Table 4) . http://www.ecologyandsociety.org/vol20/iss1/art64/ Biological diversity, D1, may be affected both positively and negatively at different sites and during the several phases of the OWF life cycle. There is the potential for habitat loss and disturbance leading to a reduction in biodiversity during construction (Petersen and Malm 2006) ; changes in sedimentation, particularly from piling activities during construction, may also lead to effects such as the smothering of some species (Airoldi 2003) ; there may be an increase in biodiversity with pylons acting as artificial reefs or encouraging fish aggregation during operation (Punt et al. 2009 ), but the area may also be avoided by some seabird species (Busch et al. 2013) ; the behavioral responses of higher predators such as marine mammals during the operational phase is largely unknown but likely to be quite complex. The effects of decommissioning are currently unknown. Offshore wind farms are likely to compromise D2, as their hard substrate, provided by pylons, could act as 'stepping stones' and to facilitate the spread of nonindigenous species (Brodin and Andersson 2009) . This is a good example of environmental effects that may occur at multiple spatial-within and beyond the planned area-and temporal-at least over the lifetime of the OWF-scales. For D3, OWFs could have a positive effect on commercial fish stocks given the exclusion of fisheries or changes in the type of gear permissible for use in the vicinity of OWFs (Fayram and de Risi 2007) . This effect would be felt beyond the planned area, and so could lead to increased fishing effort at the peripheries of OWF sites (Wilhelmsson et al. 2006 ). There may be a negative impact upon D6, seafloor integrity, due to pile driving during construction, but a positive impact due to exclusion of destructive trawling activities during both construction and operational phases. Changes to D7, hydrographic conditions, may cause changes in sedimentation and erosion patterns (Falcão et al. 2009 ).
The key descriptor likely to be affected most by OWF development is D11, through the introduction of energy, including underwater noise. Noise during construction, particularly the cumulative noise from seismic surveying or piledriving activities, is likely to exceed levels that can cause hearing threshold shifts, behavioral responses such as displacement in marine mammals (Southall et al. 2007 and see paragraph above), or could affect fish spawning aggregations. Behavioral response of marine mammals has been noted at distances exceeding 10 km from wind farm construction (Tougaard et al. 2005) . Noise generated during the operational phase may mask or interfere with biological signals used by marine mammals (Carstensen et al. 2006 ) and fish species (Wahlberg and Westerberg 2005) . Given the mobility of these species and the long distances sound can travel underwater, effects may extend well beyond that of the OWF and the planned area.
This case study demonstrates that our understanding of how maritime activities affect marine ecosystem functioning is not yet sufficient for MSP to resolve conflicts. It also highlights potential interactions between the MSFD and other EU policies such as the EU Renewable Energy Sources Directive, the Common Fisheries Policy, Blue Growth, and the proposed MSP directive. In contrast to the first case study, OWF is in direct competition with other maritime activities for space and, while many environmental effects are on-site, there are a number of potential effects at much larger spatial, including transboundary, and temporal scales.
Conclusions from the case studies
Both case studies highlight the need to address temporal scales. Some positive and negative interactions with the marine environment may not emerge until the medium to long term, and even not during the time horizon of a plan. Positive effects of an MPA to conserve Lophelia communities, on fish stocks but also on biological diversity and seafloor integrity, are likely in the medium to long term, but may be confounded by longer term environmental change, such as ocean acidification (see O'Higgins et al. 2014) . This needs to be considered when making and reviewing the plan. A review period of five to six yrs and a plan horizon of 20 yrs may be too short to measure and evaluate the impacts of planning provisions. Offshore wind farms are likely to be operational for around 30 yrs and a plan horizon that includes their construction, operation, and decommissioning would seem desirable. Once the infrastructure is in place, little can be done at that site to redress adverse effects on, for example, seafloor integrity or nonindigenous species. Review may need to focus on other environmental pressures that are subject to shortterm variation, such as energy and noise or the presence of seabird populations, although monitoring should be installed to track long-term trends. Review would also be needed to assess whether other activities sited in the vicinity of an OWF would mitigate or compound environmental effects. Finally, MSP cannot be conducted in isolation from other activities. Designation of an MPA, or location of an OWF, requires assessment of the effects on displaced marine activities. In both case studies, fisheries are likely to be affected. Changes in pressures from these displaced activities will have an effect on GES descriptors both in the planned area and beyond. Planners and regulators will also need to address cumulative effects and their expression at different temporal and spatial scales.
MOVING FORWARD WITH MARINE SPATIAL PLANNING IN AN ECOSYSTEM APPROACH
We have examined MSP as a tool within an ecosystem approach to achieve Good Environmental Status for Europe's regional seas with a specific focus on associated spatial and temporal dimensions. Marine spatial planning rationalizes and allocates space to maritime uses, and so modulates subsequent pressures on marine states. We have proposed four principles for embedding MSP in an ecosystem approach:
1.
A given plan will need review and modification if achieving or maintaining GES in the planned area is threatened. Governance arrangements, supported by an EU directive, are needed to clarify responsibilities should planned activities compromise GES outside the planned area.
2.
Since GES is to be achieved at subregional or regional sea levels (Marine Strategy Framework Directive 
4.
Marine spatial planning's environmental objective means that it needs to address cumulative effects and make tradeoffs between pressures and environmental effects. Frameworks to assess effects, together with a stakeholder process, are needed for effective resolution of conflicts between maritime uses and the marine environment.
We conclude that MSP, by resolving conflicts and regulating maritime activities that are drivers of state changes, can make a significant contribution to achieving GES. As a general point, we highlight that coherent planning at the (sub)regional sea scale will require a durable culture of continuing cross-border sharing of MSP-relevant information. Despite the anticipated directive on MSP, this cannot be prescribed by law. Cross-border cooperation will need further attention, particularly for seas shared with non-EU nations. Regional seas conventions could play a pivotal role here (see also Cinnirella et al. 2014) . As a specific point, we recommend that in-depth enquiries with selected stakeholders take place to assess how common and how severe the spatial and temporal mismatches between MSP and GES might be.
Our conclusions about the potential of MSP for achieving GES are reinforced by the Lophelia pertusa case study. However, the principles above emphasize that there is also considerable potential for a spatial and temporal mismatch between MSP and GES. Good environmental status descriptors that specifically target place-specific, benthic environments, D6 and D7, are most under threat from maritime activities to be regulated by MSP. The case study dealing with OWFs highlights the difficulty in using MSP to regulate environmental pressures that span multiple spatial and temporal scales, e.g., nonindigenous species and migratory bird species, key drivers that may not be susceptible to a reduction of their activities during review cycles, and drivers that might contribute to cumulative effects. The two case studies illustrate possible extremes in the usefulness of MSP for achieving GES.
Although we assess MSP as a tool within an ecosystem approach, we emphasize that MSP is a process and not a tool for managing the sea. Marine spatial planning can regulate some drivers (Tables  2 and 3 ) and their associated pressures. Given the complexity of integrating ecological, social, and economic demands within a specific spatial and temporal context, classical risk analysis can support a managerial structure that facilitates and informs planning and the implementation of planned activities, and aids in the decision-making processes of action. Marine spatial planning can play an important role because it is at the revision and planning phases of policy formation where strategies are developed for management. Marine spatial planning does not necessarily lead to plans that are "set in stone." Although allocating space for maritime uses implies licensing spatial zones for many yrs, and sometimes decades, negative effects on GES can prompt adjustment of licenses during subsequent management cycles. Careful decisions need to be made regarding plans' time horizons and periodic review cycles to match the temporal scales of drivers, pressures, and subsequent state changes. Decisions can, to some extent, be adjusted while gaining experience in the use of these tools.
Finally, MSP and GES represent different perspectives on the marine environment. Marine spatial planning focuses on human use while GES focuses on environmental quality. However, MSP also has an environmental objective and GES promotes sustainable use of marine goods and services. Both are relevant for sustainable development. Some elements of GES have a placespecific component that will respond directly to spatial planning. Marine spatial planning can be used to support achievement of descriptor goals provided that the four principles identified above are taken explicitly into consideration. In this way, MSP can be embedded in an ecosystem approach.
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